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VANE CONFIGURATIONS FOR STEAM
DRYERS

BACKGROUND

1. Technical Field

The present disclosure relates to vane configurations for
moisture separators 1n nuclear reactors.

2. Description of Related Art

FIG. 1 1s a cross-sectional side view of a conventional
reactor pressure vessel. Referring to FIG. 1, a plurality of
steam dryers 102 and a plurality of steam separators 104 are
arranged 1n a reactor pressure vessel 100 to remove water
droplets from the wet steam tlowing out of a reactor core 106.
As a result, the wet steam 1s separated into dry steam and
liquid water. The 1n1tial steam separation occurs 1n the steam
separators 104, while the remaining steam separation occurs
in the steam dryers 102. Dry steam has all of 1ts water mol-
ecules 1n the gaseous state. In contrast, wet steam contains
suspended droplets of water, which (at high velocities) can
crode the blades of a steam turbine. Accordingly, the dry
steam 1s fed to the turbine (not shown), and the liquid water 1s
recirculated to the reactor core 106.

FIG. 2 1s a cutaway, partial perspective view of the reactor
pressure vessel of FIG. 1, illustrating the conventional
straight steam dryers within the reactor pressure vessel.
Referring to FIG. 2, the straight steam dryers 102 each have
an clongated body and are arranged 1n parallel. Wet steam
enters the steam dryers 102 from below and exits as dry steam
through the vertical steam outlet surface of each steam dryer
102. The steam dryers 102 are oriented such that steam outlet
surfaces face the center of the reactor pressure vessel 100.

FI1G. 3 1s a cutaway perspective view of one of the conven-
tional straight steam dryers 1llustrated 1n FIGS. 1-2. Referring,
to FI1G. 3, the steam dryer 102 has a sloping hood 130 on one
side of 1ts elongated body and a vertical steam outlet surface
on the other side of 1ts elongated body. A plurality of corru-
gated plates 134 are arranged within the steam dryer 102 to
form steam passages between the corrugated plates 134. The
corrugated plates 134 are aligned so as to be parallel to each
other while being perpendicular to the longitudinal axis of the
clongated body of the steam dryer 102. Perforated plates 132
are also provided on the hood side and the steam outlet side of
the steam dryer 102 to guard the entrances and exits of the
steam passages, respectively.

During the operation of the nuclear reactor, wet steam
enters the steam dryer 102 from underneath. The wet steam
initially moves upward under the hood 130 of the steam dryer
102 and passes through the perforated plate 132 into the steam
passages. Due to the corrugated plates 134, the flow direction
ol the wet steam changes numerous times as it travels through
the steam passages. The numerous direction changes within
the steam passages are obstacles for the heavier water drop-
lets 1n the wet steam. As a result, dry steam exits the steam
passages and passes through the perforated plate of the steam
outlet surface of the steam dryer 102. However, conventional
straight steam dryers have a low natural frequency and are
prone to cracks due to fatigue caused by excitation sources in
the system.

SUMMARY

A vane configuration for a steam dryer according to an
example embodiment of the invention may include a plurality
of primary vanes arranged 1n a radial pattern around (and
spaced apart from) a center line, each of the plurality of
primary vanes being a primary corrugated sheet having alter-
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nating primary ridges and primary furrows, and adjacent pri-
mary vanes defining a winding tflow path, the flow path having
an entrance and an exit relative to the center line.

A method of configuring vanes for a steam dryer according
to an example embodiment of the invention may include
arranging a plurality of primary vanes 1n a radial pattern
around (and spaced apart from) a center line, each of the
plurality of primary vanes being a primary corrugated sheet
having alternating primary ridges and primary furrows, and
adjacent primary vanes defining a winding tlow path, the flow
path having an entrance and an exit relative to the center line.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the non-limiting embodi-
ments herein may become more apparent upon review of the
detailed description 1n conjunction with the accompanying
drawings. The accompanying drawings are merely provided
tor 1llustrative purposes and should not be interpreted to limat
the scope of the claims. The accompanying drawings are not
to be considered as drawn to scale unless explicitly noted. For
purposes of clarity, various dimensions of the drawings may
have been exaggerated.

FIG. 1 1s a cross-sectional side view of a conventional
reactor pressure vessel.

FIG. 2 15 a cutaway, partial perspective view of the reactor
pressure vessel of FIG. 1, illustrating the conventional
straight steam dryers within the reactor pressure vessel.

FIG. 3 1s a cutaway perspective view of one of the conven-
tional straight steam dryers illustrated in FIGS. 1-2.

FIG. 4 1s a perspective view of a circular steam dryer
according to an example embodiment of the invention.

FIG. 5 1s a perspective view of another circular steam dryer
according to an example embodiment of the mvention.

FIG. 6 1s an exploded, plan view of a dryer vane for a steam
dryer according to an example embodiment of the invention.

FIG. 7 1s a partial plan view of a vane configuration for the
steam dryer of FIG. 4.

FIG. 8 1s a partial plan view of a vane configuration for the
steam dryer of FIG. 5.

FIG. 9 15 a partial plan view of another vane configuration
for the steam dryer of FIG. 4.

FIG. 10 1s a partial plan view of another vane configuration
for the steam dryer of FIG. 5.

DETAILED DESCRIPTION

It should be understood that when an element or layer 1s
referred to as being “on”, “connected to”, “coupled to”, or
“covering” another element or layer, 1t may be directly on,
connected to, coupled to, or covering the other element or
layer or mtervening elements or layers may be present. In
contrast, when an element 1s referred to as being “directly
on”, “directly connected to™, or “directly coupled to” another
clement or layer, there are no intervening elements or layers
present. Like numbers refer to like elements throughout the
specification. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

It should be understood that, although the terms first, sec-
ond, third, etc. may be used herein to describe various ele-
ments, components, regions, layers and/or sections, these
clements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another region, layer, or section. Thus, a first

clement, component, region, layer, or section discussed
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below could be termed a second element, component, region,
layer, or section without departing from the teachings of
example embodiments.

Spatially relative terms (e.g., “beneath,” “below,” “lower,”
“above,” “upper”’, and the like) may be used herein for ease of
description to describe one element or feature’s relationship
to another element(s) or feature(s) as 1llustrated 1n the figures.
It should be understood that the spatially relative terms are
intended to encompass different orientations of the device 1n
use or operation in addition to the orientation depicted in the
figures. For example, 11 the device 1n the figures 1s turned over,
clements described as “below™ or “beneath™ other elements or
teatures would then be oriented “above™ the other elements or
teatures. Thus, the term “below™ may encompass both an
orientation of above and below. The device may be otherwise
oriented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein interpreted accord-
ingly.

The terminology used herein 1s for the purpose of describ-
ing various embodiments only and is not intended to be lim-
iting of example embodiments. As used herein, the singular
forms “a”, “an”, and *“the” are intended to include the plural
torms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specily the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

Example embodiments are described herein with reference
to cross-sectional 1llustrations that are schematic illustrations
of 1dealized embodiments (and itermediate structures) of
example embodiments. As such, variations from the shapes of
the illustrations as a result, for example, of manufacturing,
techniques and/or tolerances, are to be expected. Thus,
example embodiments should not be construed as limited to
the shapes of regions illustrated herein but are to include
deviations 1n shapes that result, for example, from manufac-
turing. For example, an implanted region 1llustrated as a rect-
angle will, typically, have rounded or curved features and/or
a gradient of implant concentration at its edges rather than a
binary change from implanted to non-implanted region. Like-
wise, a buried region formed by implantation may result in
some 1mplantation in the region between the buried region
and the surface through which the implantation takes place.
Thus, the regions illustrated 1n the figures are schematic 1n
nature and their shapes are not intended to 1llustrate the actual
shape of a region of a device and are not intended to limait the
scope of example embodiments.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further under-
stood that terms, including those defined 1n commonly used
dictionaries, should be interpreted as having a meanming that 1s
consistent with their meaning 1n the context of the relevant art
and will not be mterpreted 1n an 1dealized or overly formal
sense unless expressly so defined herein.

Circular dryers may have a higher natural frequency than
conventional straight dryers due to the more robust circular
design. As a result, circular dryers may have a higher resis-
tance to cracks compared to conventional straight dryers. A
plurality of circular dryers may be concentrically arranged to
form a dryer bank for a reactor pressure vessel.

FIG. 4 1s a perspective view of a circular steam dryer
according to an example embodiment of the invention. Refer-
ring to FIG. 4, the circular steam dryer 402 has an annular

5

10

15

20

25

30

35

40

45

50

55

60

65

4

body with a sloping hood 430 as its outer sidewall and a
perforated plate 432 as its inner sidewall. A plurality of dryer
vanes may be arranged within the circular steam dryer 402
(between the hood 430 and the perforated plate 432) to facili-
tate the output of dry steam. Although the surface of the hood
430 1s illustrated 1n FIG. 4 as being inclined, 1t should be
understood that other embodiments are possible. For
example, the surface of the hood 430 may be vertically pro-
vided.

As shown 1n FIG. 4, a plurality of circular steam dryers
may be concentrically arranged about a center line C to form
a steam dryer bank. Thus, the inner circular steam dryers will
be smaller than the outer circular steam dryers to allow the
concentric arrangement.

During operation of the steam dryer bank, wet steam enters
the individual circular steam dryers from below. For instance,
with regard to the circular steam dryer 402, the wet steam
initially rises upward under the hood 430 and travels through
the dryer vanes (not shown) within the circular steam dryer
402. Water droplets are removed from the wet steam as 1t
travels through the dryer vanes (not shown). As a result, dry
steam exits the dryer vanes (not shown) and passes out of the
perforated plate 432 of the circular steam dryer 402 toward
the center line C of the steam dryer bank.

FIG. 5 1s a perspective view of another circular steam dryer
according to an example embodiment of the invention. Refer-
ring to FIG. 5, the circular steam dryer 502 has an annular
body with a hood 530 as its inner sidewall and a perforated
plate 532 as 1ts outer sidewall. A plurality of dryer vanes may
be arranged within the circular steam dryer 502 (between the
hood 530 and the perforated plate 532) to facilitate the output
of dry steam.

As shown 1n FIG. §, a plurality of circular steam dryers
may be concentrically arranged about a center line C to form
a steam dryer bank. Thus, the inner circular steam dryers will
be smaller than the outer circular steam dryers to allow the
concentric arrangement.

During operation of the steam dryer bank, wet steam enters
the individual circular steam dryers from below. For instance,
with regard to the circular steam dryer 502, the wet steam
initially rises upward under the hood 530 and travels through
the dryer vanes (not shown) within the circular steam dryer
502. Water droplets are removed from the wet steam as 1t
travels through the dryer vanes (not shown). As a result, dry
steam exits the dryer vanes (not shown) and passes out of the
perforated plate 532 of the circular steam dryer 502 away
from the center line C of the steam dryer bank.

Although the circular steam dryers are illustrated in FIGS.
4-5 as being the same height, it should be understood that
other embodiments are possible. For example, the height of
the circular steam dryers may increase with decreasing dis-
tance toward the center line C of the steam dryer bank. Con-
versely, the height of the circular steam dryers may decrease
with decreasing distance toward the center line C of the steam
dryer bank.

FIG. 6 1s an exploded, plan view of a dryer vane for a steam
dryer according to an example embodiment of the invention.
Reterring to FIG. 6, the dryer vane includes a primary vane
602 and a plurality of secondary vanes 604. The primary vane
602 1s a primary corrugated sheet having alternating primary
ridges 602R and primary furrows 602F. Similarly, each of the
secondary vanes 604 1s a secondary corrugated sheet having a
secondary ridge 604R and a corresponding secondary furrow
604F (although a plurality of secondary rnidges and furrows
may be optionally provided). The primary and secondary
corrugated sheets may be formed of a suitable matenal (e.g.,
stainless steel). Although not shown 1n FIG. 6, the plurality of
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secondary vanes 604 may be appended (e.g., welded) to the
primary vane 602. A plurality of the dryer vanes may be
arranged 1n a suitable configuration for use in a steam dryer.

FIG. 7 1s a partial plan view of a vane configuration for the
steam dryer of FIG. 4. Referring to FIG. 7, the vane configu-
ration includes a plurality of primary vanes 602 arranged in a
radial pattern around (and spaced apart from) a center line C.
The vane configuration may be situated within the annular
body of the circular steam dryer 402 of FIG. 4.

Each of the primary vanes 602 1s a primary corrugated
sheet (e.g., stainless steel) having alternating primary ridges
and primary furrows. As a result, adjacent primary vanes 602
will define a winding flow path having an entrance 606 and an
exit 608. As 1llustrated 1n FIG. 7, the cross-sectional area of
the tlow path decreases from the entrance 606 to the exit 608,
the exit 608 being at a smaller radial distance from the center

ine C than the entrance 606.

Alternatively, the primary vanes 602 may be manipulated
to compensate for the radial convergence of the vane configu-
ration so as to achieve a relatively constant cross-sectional
area for the flow path from the entrance 606 to the exit 608.
For example, the primary vanes 602 may be manipulated such
that the angle of each primary furrow of the primary vanes
602 increases from the entrance 606 to the exit 608 of the tlow
path, the exit 608 being at a smaller radial distance from the
center line C than the entrance 606.

A plurality of secondary vanes 604 may be appended (e.g.,
welded) to the primary vanes 602, the secondary vanes 604
extending into tflow paths defined by adjacent primary vanes
602. Each of the secondary vanes 604 1s a secondary corru-
gated sheet (e.g., stainless steel) having a first surface asso-
ciated with a secondary ridge 604R and an opposing second
surface associated with a corresponding secondary furrow
604F, the second surface being adjoined to a primary ridge
602R of a primary vane 602 such that the secondary ridge
604R 1s oriented in the same direction as the primary ridge
602R while being spaced apart from the primary ridge 602R
by an offset distance. The offset distance may decrease from
the entrance 606 to the exit 608 of the flow path, the exit 608
being at a smaller radial distance from the center line C than
the entrance 606.

Due to the winding flow paths, the flow direction of the wet
steam changes numerous times as 1t travels through the vane
configuration. The numerous direction changes within the
vane configuration are obstacles for the heavier water drop-
lets 1n the wet steam. As a result, dry steam exits the vane
configuration and passes through the perforated plate 432 of

the steam dryer 402 of FI1G. 4.

FI1G. 8 1s a partial plan view of a vane configuration for the
steam dryer of FIG. 5. Referring to FIG. 8, the vane configu-
ration includes a plurality of primary vanes 602 with a plu-
rality of secondary vanes 604 appended thereto. The primary
vanes 602 are arranged 1n a radial pattern around (and spaced
apart from) a center line C. The vane configuration may be
situated within the annular body of the circular steam dryer
502 of FIG. 5.

The primary vanes 602 and secondary vanes 604 may be as
described above in connection with FIG. 7. However, the
characteristics of the flow path defined by adjacent primary
vanes 602 may differ from that of FIG. 7, at least by virtue of
the use of the vane configuration of FIG. 8 1n connection with
the circular steam dryer 502 of FIG. 5. As illustrated in FIG.
8, the vane configuration 1s such that the cross-sectional area
of the flow path increases from the entrance 606 to the exit
608, the exit 608 being at a greater radial distance from the
center line C than the entrance 606. The ofiset distance (be-
tween the secondary ridge of the secondary vane 604 and the
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primary ridge of the primary vane 602) may also increase
from the entrance 606 to the exit 608 of the flow path, the exit
608 being at a greater radial distance from the center line C
than the entrance 606.

Alternatively, the primary vanes 602 may be manipulated
to compensate for the radial divergence of the vane configu-
ration so as to achieve a relatively constant cross-sectional
area for the tlow path from the entrance 606 to the exit 608.
For example, the primary vanes 602 may be manipulated such
that the angle of each primary furrow of the primary vanes
602 decreases from the entrance 606 to the exit 608 of the flow
path, the exit 608 being at a greater radial distance from the
center line C than the entrance 606.

FIG. 9 1s a partial plan view of another vane configuration
for the steam dryer of FIG. 4. Referring to FIG. 9, the vane
configuration includes a plurality of primary vanes 602 with
a plurality of secondary vanes 604 appended thereto. The
primary vanes 602 are arranged in a radial pattern around (and
spaced apart from) a center line C. The vane configuration
may be situated within the annular body of the circular steam
dryer 402 of FIG. 4.

The primary vanes 602 and secondary vanes 604 may be as
described above 1n connection with FIG. 7. However, unlike
FIG. 7, the primary vanes 602 of FIG. 9 decrease 1n thickness
from the entrance 606 to the exit 608 of the tlow path, the exat
608 being at a smaller radial distance from the center line C
than the entrance 606. Because the decreasing thickness of
the primary vanes 602 compensates for the radial conver-
gence of the vane configuration, the cross-sectional area of
the tlow path remains relatively constant from the entrance
606 to the exit 608.

FIG. 10 1s a partial plan view of another vane configuration
for the steam dryer of FIG. 5. Referring to FIG. 10, the vane
configuration includes a plurality of primary vanes 602 with
a plurality of secondary vanes 604 appended thereto. The
primary vanes 602 are arranged in a radial pattern around (and
spaced apart from) a center line C. The vane configuration
may be situated within the annular body of the circular steam
dryer 502 of FIG. 5.

The primary vanes 602 and secondary vanes 604 may be as
described above 1n connection with FIG. 7, while the vane
configuration may resemble that of FIG. 8. However, unlike
FIG. 8, the primary vanes 602 of FIG. 10 increase in thickness
from the entrance 606 to the exit 608 of the flow path, the exit
608 being at a greater radial distance from the center line C
than the entrance 606. Because the increasing thickness of the
primary vanes 602 compensates for the radial divergence of
the vane configuration, the cross-sectional area of the flow
path remains relatively constant from the entrance 606 to the
exit 608.

A method of configuring vanes for a steam dryer according
to an example embodiment of the mvention may include
arranging a plurality of primary vanes in a radial pattern
around (and spaced apart from) a center line. Each of the
plurality of primary vanes may be a primary corrugated sheet
having alternating primary ridges and primary furrows. As a
result, adjacent primary vanes may define a winding flow
path, the flow path having an entrance and an exit relative to
the center line.

The cross-sectional area of the flow path may be vaned
(e.g., mncreased, decreased) from the entrance to the exit.
Additionally, the thickness of the primary vanes may be var-
ied (e.g., increased, decreased) from the entrance to the exit of
the tlow path. Furthermore, the angle of each primary furrow
of the primary vanes may be varied (e.g., increased,
decreased) from the entrance to the exit of the flow path.
Variations to the tlow path cross-sectional area, the primary
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vane thickness, and the primary furrow angle may be imple-
mented separately or in combination.

A plurality of secondary vanes may also be appended to the
primary vanes such that the secondary vanes extend into flow
paths defined by adjacent primary vanes. Each of the second-
ary vanes may be a secondary corrugated sheet having a first
surface associated with a secondary ridge and an opposing
second surface associated with a corresponding secondary
turrow. The second surface of the secondary vane may be
adjoined to a primary ridge of a primary vane such that the
secondary ridge 1s oriented in the same direction as the pri-
mary ridge while being spaced apart from the primary ridge
by an offset distance. The oifset distance may be varied (e.g.,
increased, decreased) from the entrance to the exit of the flow
path.

While a number of example embodiments have been dis-
closed herein, 1t should be understood that other variations
may be possible. For instance, although the above examples
are discussed in the context of circular dryers, 1t should be
understood that the teachings herein may also be applied to
straight dryers. Such variations are not to be regarded as a
departure from the spirit and scope of the present disclosure,
and all such modifications as would be obvious to one skilled
in the art are intended to be included within the scope of the
tollowing claims.

The mvention claimed 1s:

1. A vane configuration for a steam dryer, comprising:

a plurality of primary vanes arranged 1n a radial pattern
around a center line, the primary vanes being spaced
from the center line, each of the plurality of primary
vanes being a primary corrugated sheet having alternat-
ing primary ridges and primary furrows, and adjacent
primary vanes defimng a winding flow path, the flow
path having an entrance and an exit relative to the center
line.

2. The vane configuration of claim 1, wherein a cross-
sectional area of the flow path decreases from the entrance to
the exit, the exit being at a smaller radial distance from the
center line than the entrance.

3. The vane configuration of claim 1, wherein a cross-
sectional area of the flow path increases from the entrance to
the exit, the exit being at a greater radial distance from the
center line than the entrance.

4. The vane configuration of claim 1, wherein the primary
vanes decrease 1n thickness from the entrance to the exit of the
flow path, the exit being at a smaller radial distance from the
center line than the entrance.

5. The vane configuration of claim 1, wherein the primary
vanes increase 1n thickness from the entrance to the exit of the
flow path, the exit being at a greater radial distance from the
center line than the entrance.

6. The vane configuration of claim 1, wherein an angle of
cach primary furrow of the primary vanes increases from the
entrance to the exit of the flow path, the exit being at a smaller
radial distance from the center line than the entrance.

7. The vane configuration of claim 1, wherein an angle of
cach primary furrow of the primary vanes decreases from the
entrance to the exit of the flow path, the exit being at a greater
radial distance from the center line than the entrance.

8. The vane configuration of claim 1, further comprising:

a plurality of secondary vanes appended to the primary
vanes, the secondary vanes extending into flow paths
defined by adjacent primary vanes.

9. The vane configuration of claim 8, wherein each of the
secondary vanes 1s a secondary corrugated sheet having a first
surface associated with a secondary ridge and an opposing
second surface associated with a corresponding secondary
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turrow, the second surface being adjoined to a primary ridge
ol a primary vane such that the secondary ridge 1s oriented 1n
the same direction as the primary ridge while being spaced
from the primary ridge by an offset distance.

10. The vane configuration of claim 9, wherein the offset
distance decreases from the entrance to the exit of the flow
path, the exit being at a smaller radial distance from the center
line than the entrance.

11. The vane configuration of claim 9, wherein the offset
distance increases ifrom the entrance to the exit of the flow
path, the exit being at a greater radial distance from the center
line than the entrance.

12. A method of configuring vanes for a steam dryer, com-
prising;:

arranging a plurality of primary vanes 1n a radial, pattern

around a center line, the primary vanes being spaced
from the center line, each of the plurality of primary
vanes being a primary corrugated sheet having alternat-
ing primary ridges and primary furrows, and adjacent
primary vanes defimng a winding flow path, the flow
path having an entrance and an exit relative to the center
line.

13. The method of claim 12, further comprising:

varying a cross-sectional area of the tflow path from the

entrance to the exit.

14. The method of claim 12, further comprising;:

decreasing a thickness of the primary vanes from the

entrance to the exit of the flow path, the exit being at a
smaller radial distance from the center line than the
entrance.

15. The method of claim 12, further comprising:

increasing a thickness of the primary vanes from the

entrance to the exit of the flow path, the exit being at a
greater radial distance from the center line than the
entrance.

16. The method of claim 12, further comprising:

increasing an angle of each primary furrow of the primary

vanes from the entrance to the exit of the tlow path, the
ex1t being at a smaller radial distance from the center line
than the entrance.

17. The method of claim 12, further comprising:

decreasing an angle of each primary furrow of the primary

vanes from the entrance to the exit of the tlow path, the
exit being at a greater radial distance from the center line
than the entrance.

18. The method of claim 12, further comprising:

appending a plurality of secondary vanes to the primary

vanes such that the secondary vanes extend into flow
paths defined by adjacent primary vanes, each of the
secondary vanes being a secondary corrugated sheet
having a first surface associated with a secondary ridge
and an opposing second surface associated with a cor-
responding secondary furrow, the second surface being
adjoined to a primary ridge of a primary vane such that
the secondary ridge 1s oriented 1n the same direction as
the primary ridge while being spaced from the primary
ridge by an offset distance.

19. The method of claim 18, further comprising;:

decreasing the offset distance from the entrance to the exit

of the flow path, the exit being at a smaller radial dis-
tance from the center line than the entrance.

20. The method of claim 18, further comprising:

increasing the oifset distance from the entrance to the exit

of the flow path, the exit being at a greater radial distance
from the center line than the entrance.
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